Summary.-Sera from rabbits injected with BCG and then with endotoxin contain a factor (tumour-necrosis factor TNF) which, even at high dilutions, is cytotoxic in vitro for mouse L cells and some other cell lines. Using a 51Cr-release assay, cytotoxicity was detected as early as 7-8 h after addition of TNF serum to L cells and cell death was evident microscopically by 24 h. TNF was cytotoxic at 37°C but not at 21°C or 4°C, and acted on both dividing and non-dividing cells. The antimetabolites sodium azide and dinitrophenol partially protected L cells from TNF, suggesting that actively metabolizing cells are the most sensitive. Treatment of L cells with trypsin did not delay cytotoxicity nor was cytotoxicity inhibited in the presence of various saccharide derivatives of cell-surface glycoproteins. Rabbit TNF was remarkably stable with a mol. wt. of 40-50,000. It was eluted with the more acidic serum proteins on ion-exchange chromatography, but precipitated in 50o-saturated ammonium sulphate. Sensitivity to TNF could not be correlated with tumourigenicity of several animal and human lines tested nor with the production of C-type viruses.
IN recent years much attention has been directed towards the immunotherapy of cancer, using agents which nonspecifically stimulate the immunological system. Many of these agents (e.g. dextrans, Bacillus Calmette-Guerin (BCG), Corynebacterium parvrum) affect cells of the macrophage series and there is evidence that such 'activated' macrophages can kill neoplastic but not normal cells (Holtermann etal., 1973; Hibbs, 1974; Keller, 1974) .
A number of macrophage products have been reported to be cytotoxic for tumour cells. For example, Ferluga et al. (1976) have shown by in vitro experiments that the complement breakdown product C3a can kill tumour cells; both C3 and enzymes capable of releasing the C3a moiety are produced by macrophages McClelland and van Furth, 1976) . Currie and Basham (1975) found that a labile macrophage product couild kill tumour cells but not normal cells. Carswell and co-workers Green et al., 1976) have shown that tumour-necrosis factor (TNF) a putative macrophage product, has antitumour activity. TNF obtained from the serum of mice injected with BCG and 2 weeks later with endotoxin, induced necrosis in a transplanted mouse tumour and killed some types of tumour cell in vitro. Most of their experiments were performed with mouse TNF, but they found in preliminary experiments that material with similar characteristics could be produced in other species, including rabbits.
We have also found that sera from rabbits injected with BCG and then with endotoxin contain a factor which is cytotoxic in vitro for L cells and some other tumour cell lines. The mode of action and molecular characteristics of rabbit TNF have been investigated using mouse L cells as highly sensitive target cells.
MATERIALS AND METHODS
TNF production.-Lipopolysaccharide B or W from E. coli 055:B5 (endotoxin) was obtained from Difco Laboratories, Detroit, U.S.A. and BCG vaccine BP (percutaneous) from Glaxo Laboratories Ltd, Greenford. New Zealand white rabbits (2-2.5 kg) of either sex were injected i.v. with 50-250 X 106 viable BCG organisms, followed 14 days later by i.v. injection of 100 ,ug endotoxin. The rabbits were bled immediately before the endotoxin injection (control serum) and 2 h after the injection (TNF serum).
Cell lines.-Mouse L cells (Sanford et al., 1948) and the RK13 line of rabbit kidney cells (Beale et al., 1963) were purchased from Gibco Bio-Cult, Glasgow. The A9 derivative of L cells (Littlefield, 1964) (Watkins, 1977) . The BHK(TK-) line is a derivative of the hamster fibroblast line BHK21 (MacPherson and Stoker, 1962) Mitomycin C treatment.-Equal volumes (75 1l) of L cell suspension (105/ml) and mitomycin C (Sigma, London) (1 ,g/ml) were mixed in microplate wells, incubated overnight at 37°C and the attached cells were washed x 3 with saline before use.
Measurement of protein synthesis by 3H-leucine uptake.-Cultures were set up as for the cytotoxicity assay, with the addition of 40 pl medium containing 1 uCi L-(4,5-3H) leucine (The Radiochemical Centre). After incubation for the required time, the the supernatant was sucked off and the L cells were detached with trypsin/EDTA solution. Using a Multiple Culture Harvester (Cryotech, Abingdon) the cells were filtered on to glassfibre discs, washed sequentially with saline, 5% trichloroacetic acid and methanol, and immersed in scintillation fluid for : counting.
Electron microscopy.-Cell monolayers were fixed in 2.5% glutaraldehyde in 0-IM phosphate buffer for 1 h and post-fixed for 1 h in 1% osmium tetroxide. After dehydrating in a graded series of alcohol solutions, the monolayer was scored into about 1 cm squares.
These were removed from the plastic culture dish with propylene oxide. Tile monolayer squares wvere embedded in Epon, and the sections stained with uranyl acetate and lead citrate (Reynolds, 1963) . Stained sections were examined on a Philips EM300.
Tumourigenicity.-All lines except BHK (TK-) and MMT were tested by s.c. injection of 5 X 106 -107 cells in 0-1 ml of saline into 2-month-old athymic (nu/nu) mice.
BHK(TK-) cells were injected s.c. into adult Syrian hamsters Tumour production was considered positive in athymic mice if a progressively enlarging nodule appeared within 3 w-eeks of injection. BHK(TK-) tumours progressively enlarged over a period of 2-3 months, at the end of which the animal was killed. MMT cells (106) were injected s.c. into 3-month-old female CBA mice.
Serum fractionation.-Ammonium sulphate precipitation was performed by dropwise addition with stirring of the appropriate amount of saturated ammonium sulphate solution (pH 6.5) to serum at 4°C. After 4 h at 4°C, the mixture was centrifuged at 37,000 g for 20 min. The precipitate (dissolved in the minimum volume of H20) and supernatant were dialysed exhaustively against phosphate buffered saline, pH 7-3 (PBS) and adjusted to 4 x the original serum volume.
Upward-flow gel-filtration in sterile PBS was performed with a 58 x 2-2 cm Sephadex G-200 (Pharmacia) column with a flow rate of 5 ml/h. For ion-exchange chromatography with DEAE-Sepharose (Pharmacia), a 22 x 1 cm column was used at a flow rate of 21 ml/h. The starting buffer was 0-1M phosphate, pH 5-8, and a linear gradient of 5 column volumes was applied to 0-2M phosphate, pH 4-4. For cytotoxicity tests, fractions were dialysed against PBS, sterilized using a 0-2 jum filter and diluted to give a final culture dilution of 1/200 with respect to the original volume of serum.
RESULTS

Cytotoxicity of rabbit TNF serum
Even at high dilutions, TNF serum, but not control serum from the same rabbit, was cytotoxic to mouse L cells in a 4-day assay (Table I (Fig. l a and c) .
Relationship of cell growth and metabolism to TN\F sensitivity To investigate whether TNF serum acts on dividing cells a cytotoxicity assay was performed at a temperature (21 C) at which L cells do not divide. Even after 4 days at 21°C, the TNF serum had not diminished cell numbers (Fig. lb) . However, L cells which had been rendered incapable of division by mitomycin C were killed by TNF serum at 37°C (Fig. 1c) . Similar results were obtained using pretreatment with colcemid (0.1 ,ug/ml) or colchicine (4 jg/ml) to block cell division. These results suggest that TNF does not kill non-growing cells at 21°C but does kill non-growing (inhibited) cells at 37°C. At 21°C cellular metabolism is reduced, and it is possible that only actively metabolizing L cells are sensitive fresh medium without TNF before counting cell numbers. Exposure to TNF serum for 1 h or 7 h at either 4°C or 37°C did not cause subsequent cell death (Table II) . However, exposure for 24 h at 4°C killed L cells after subsequent incubation in fresh medium at 37°C. TNF must therefore be present continuously for longer than 7 h to exert its effect. In the second set of experiments, the onset of cell death in L cells continuously exposed to TNF serum was studied using the more sensitive 51Cr-release technique. By this criterion, cytotoxicity was first detectable after about 8 h exposure to TNF (Fig. 3) . No reduction in protein synthesis has been noted up to 8 h after the addition of TNF, although a decrease was usually seen by 16 h. This suggests that TNF does not act by directly inhibiting protein synthesis.
Effect of trypsin or saccharides on sensitivity to TNF
The effect of trypsin treatment was examined because of the possibility that trypsin-sensitive TNF membrane receptors might exist. Trypsin pretreatment 60 of L cells in fact enhanced cytotoxicity (Fig. 3) . Competition experiments with mannopyrose, ot methyl D mannoside, fucose, galactose, lactose, N-acetylgalactosamine or N-acetyl neuraminic acid (at concentrations up to 50 ,ug/ml) and TNF at 1/160 failed to demonstrate any inhibition of cytotoxicity after 4 days incubation at 37°C.
T.NAF sensitivities of L cell derivatives
A confluent monolayer of L cells (about 107 cells), grown in a plastic bottle, was incubated at 37°C with TNF 1/300 in growth medium and dead cells were discarded and replaced with fresh medium containing 1/300 TNF serum. After a further week's incubation, about 50 colonies were beginning to develop, and these became confluent after a further 2 weeks. The culture has subsequentlv been maintained continuously in the presence of 1/300 TNF. These TNFresistant L cells are designated L/R. A9 cells were derived from L cells (Littlefield, 1964) . The comparative sensitivities of L, L/R, and A9 cells to varying dilutions of TNF after 4 days incubation are shown in Fig. 4 Table III shows that sensitivity to TNF bore no relation to the ability of the cell lines to give rise to progressive tumours in suitable hosts. Primary mouse embryo, hamster embryo, and human skin fibroblasts were non-tumourigenic and also insensitive to TNF. C-type virus production in relationship to TNF sensitivity Over 90 % of the cells of the L and MuLV-3T3 lines used in this study were producing C-type virus (Fig. 5a and c) and both lines were highly sensitive to TNF (Fig. 4) . However, over 90% of the cells of the TNF-resistant subline (L/R) of L cells were also producing C-type virus (Fig. 5b) . No electron-microscopic evidence of C-type virus production was found for RK1 3 cells, which were highly TNF sensitive (Fig. 4) . These results suggest that sensitivity to TNF is not correlated with C-type RNA virus production.
Partial physicochemical characterization of TNF
No apparent loss in TNF activity resulted from either repeated freezing and thawing of TNF serum, or storage at 4°C for over 6 months. Heating for 15 min at 56°C or 70°C produced less than 10% reduction in activity, but activity was lost after heating for 15 min at 100°C. an apparent mol. wt of 40-50,000 (Fig. 6a) . On ion-exchange chromatography using DEAE-Sepharose, TNF was eluted with the mos-t acidic proteins at low pH (Fig. 6b ).
DISCUSSION
The results described here extend the observation by Carswell et al. (1975) that a "Tumour necrosis factor" (TNF) resembling mouse TNF can be produced in rabbits. These workers found that rabbit TNF was active in vivo in mice bearing a methylcholanthrene-induced tumour, but they did not study its effect on a range of cells in vitro. We have found that rabbit TNF, like the mouse TNF of (Helson et al., 1975; Old, 1976) . The 2 human tumours we examined were insensitive to rabbit TNF. It seems clear, from all these observations, that "tumour necrosis factors" are effective only on a limited number of cell types. Sensitivity to TNF in vitro does not correlate with tumourigenicity of cell lines. One may wonder whether the term "tumour necrosis factor" can be justified. Perhaps it would be better to replace this term by one which is less specific. A more suitable terminology may have to await determination of the cellular source of TNF.
The mechanism of action of TNF remains obscure. The limited range of sensitive cell types may indicate that specific receptors are required. Our results show that, if they exist on L cells, such receptors are insensitive to trypsin, and do not resemble receptors for lectins, since the action of TNF was not inhibited by saccharide derivatives of the common cell-surface glycoproteins. Cell division does not appear to be a prerequisite for the action of TNF, since mitomycintreated L cells were as sensitive as untreated controls. The failure of rabbit TNF to kill L cells at 21°C is consistent either with a requirement for active cell metabolism or with a possible enzymatic role for TNF. Either of these possibilities could explain the reduced sensitivity of cells in the presence of sodium azide or dinitrophenol.
The action of rabbit TNF on L cells is not an immediate one, but requires at least 7 h contact to become irreversible. It may be that L cells are sensitive only during a certain period of the cell cycle. Against this view can be placed the fact that exposure to TNF for 24 h at 40C, followed by washing and continued incubation in control medium at 37°C resulted in death of about 80% of the cells.
Herberman et al., (1975) in studies on the cytotoxicity of normal mouse spleen lymphocytes against a range of tumour cell lines, noted a possible relationship between C-type virus production and sensitivity. The fact that the TNF-resistant derivative (L/I') of L cells was secreting C-type virus as abundantly as the parental cells suggests that C-type virus production does not confer sensitivity to rabbit TNF. The possibility cannot be ruled out, however, that L cells were secreting 2 types of C-type virus, and L/R cells only one. No C-type particles were seen in RK13 cells, which were highly sensitive, but it cannot be excluded that these cells were showing partial expression of a C-type virus genome. Nevertheless, if sensitivity is due to C-type virus expression, then not all murine C-type viruses are capable of conferring sensitivity.
Rabbit TNF is remarkably stable, has a mol. wt. of 40-50,000, and is eluted with the more acidic proteins on ionexchange chromatography. However despite its molecular size and ion-exchange behaviour it is precipitated by 50%-saturated ammonium sulphate solution. Using an in vivo assay -for mouse TNF, Green et al., (1976) estimated a mol. wt. of 150,000, but otherwise mouse and rabbit TNF have similar physicochemical properties.
